New active agents are the monoclonal antibodies daratumumab and isatuximab (anti-CD38), the checkpoint inhibitors durvalumab and nivolumab (anti-PD-1/PD1L), and elotuzumab (anti-SLAMF7). These agents alone or in combination with a backbone of Rd or bortezomib/dexamethasone have shown significant clinical activity in RRMM. [7] [8] [9] [10] Using these combinations, high overall response rates (ORRs) have been observed with significantly more CR, stringent CR (sCR), and longer PFS. Besides the addition of novel agents, the concept of clinical treatment has also changed significantly over the past years. For example, in younger patients, the following advances have contributed to improved response and/or PFS: Several controlled trials have demonstrated that ORR and in particular CR or better improve with each subsequent treatment phase in newly diagnosed patients and hence should be monitored with highly sensitivity techniques.
Response evaluation in MM
The evaluation of response to therapy in MM has traditionally been based on the relative reduction of the M protein in serum and/or urine, the radiography of skeletal lesions, and the disappearance of elevated calcium, renal failure, anemia, and bone lesion (CRAB) symptomatology. Over time, new response levels such as verygood partial response, sCR, and serum free light chain value have been introduced in an attempt at standardization across clinical trials and in clinical practice. BM assessment of plasma cells (,5% for CR, no clonal plasma cell population for sCR) has been a cornerstone for best response. In addition, the recent improvement in ORR and also the depth of response in a significant proportion of patients has again raised the question of whether a good response reliably predicts longer survival. Several groups have pioneered the concept of MRD and some analyses indicate that MRD negativity predicts for prolonged survival. [11] [12] [13] [14] [15] made because several studies indicated that patients who achieve CR and remain MRD-positive have worse PFS than patients who are MRDnegative. 16, 17 The IMWG guideline recognizes 4 MRD-based response criteria (eg, sustained MRD-negative, flow MRD-negative, sequencing MRD-negative, and imaging plus MRD-negative), which have been added to the classical response criteria. 2 A recent metaanalysis has confirmed that MRD-negative disease status is associated with prolonged survival. 18 Should MRD negativity not be the standard end point of MM therapy?
In order to answer this question, the pros and cons of MRD assessment will be summarized. Why MRD? With CR rates approaching 60% and more, including 30% to 40% sCR using novel agents in transplant-eligible NDMM, new definitions of good responses and quantitation of the remaining tumor burden are needed in order to identify relevant prognostic subgroups of patients. Typically, patients in clinical trials should be evaluated and followed with MRD, whereas in general practice this is not (yet) the standard. When should MRD be done or not? MRD assessment may be a useful tool in treatment situations where the expected frequency of CR/sCR is high. However, in non-transplant-eligible patients as well as patients with RRMM, this will not likely be the case and few patients achieve a durable CR. In particular, attenuated treatment schedules in the elderly/frail rarely result in high CR rates and treatment choices are primarily decided by toxicity rather than to achieve MRD negativity. In those patients, conventional response criteria as defined by IMWG may suffice. Is there a standard assay for MRD? In the current era, MRD assays are based on MFC using 8 to 10 colors or on NGS. 12, 15, 19 The sensitivity of MFC is 10 24 to 10 25 and this type of response has been defined as immunophenotypic response. However, samples need to be handled fresh by a designated laboratory using defined protocols, and the interpretation of the results is subjective. NGS is more sensitive (10 24 to 10 26 ) and can be done on frozen samples. Results typically become available within weeks. MRD by NGS represents the molecular response. At this moment, there is no unanimous preference for either technique and, because they represent different outcomes, MRD comparisons and analyses between trials is difficult. In addition, although consensus guidelines are lacking for time points of MRD, technical harmonization, value of MFC vs NGS or polymerase chain reaction (PCR) MRD negativity remains a subjective end point . In addition, there may be sanctuaries with surviving refractory tumor cells or extramedullary disease that have escaped from previous therapy. Because the ultimate goal of MRD is to achieve a quantitative tumor assessment on which future treatment choices can be based, one may challenge the current technique of taking a snapshot sample. In such cases, MRD negativity underestimates the true presence of remaining, refractory tumor cells that have escaped from previous therapy. Is BM MRD sufficient? Several groups have attempted to improve the current MRD approach by including imaging techniques, specifically PET-CT and/or MRI. 20 These initiatives have demonstrated that PET-CT-positive lesions frequently occur in MRDnegative patients and that PET-CT negativity is associated with better PFS. Consequently, PET-CT-positive lesions need to be punctured to confirm (treatment-refractory) MM. This further illustrates the shortcomings of snapshot MRD analysis in BM. Will patients accept repetitive BM punctures? BM punctures are painful procedures that are not acceptable for all patients. Given the current dilemmas with sampling errors and choice of technique, other diagnostic innovations may be considered. One of these is the analysis of CTCs or micro-RNAs in blood. 21, 22 CTCs may originate from any tumor site in the body and thus represent the overall disease situation. Efforts are needed to develop quantitative assays to detect CTCs using a NGS-based approach.
c The economic impact of MRD analysis. The estimated cost of a single MRD noncommercial analysis by MFC (10 colors) is $500 and by NGS $350. Given the frequency of inadequate punctures, failures by NGS (10%), transport, and business models, the average cost will be significant. These expenses come on top of high drug prices and can only be justified if the results are used for rational treatment decisions.
Until now, MRD negativity has not yet been accepted as the main end point for clinical trials by the regulatory authorities and discussions are ongoing. The current data were obtained in prospective clinical trials which only included selected patients who were treated with intensive regimens and were carefully monitored for all aspects of their disease. In that particular context, the data suggest that MRD is a useful prognostic marker for PFS in transplant-eligible NDMM. However, the value of MRD should also be evaluated in prospective clinical trials with less intensive regimens and in less favorable subgroups of patients such as non-transplant-eligible MM, frail elderly patients, and RRMM. In (elderly) patients who continue on maintenance therapy, MRD assessment may help to decide on the duration of treatment. Only if MRD negativity has a better prognostic impact than CR in those patients may it be routinely used.
More importantly, as yet there are no data which prove that MRD positivity or negativity may influence treatment decisions which have an effect on survival. Prospective trials have to be designed in order to conclude whether the use of MRD negativity for treatment choices contributes to an improvement of long-term outcome such as overall survival. Once these data become available, efforts have to be made to evaluate the possible application of MRD in individual patients outside of the context of clinical trials. The coming years will reveal whether MRD will be included as a standard evaluation in treatment algorithms for first and later lines of therapy.
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